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File No. 200-0318 
ENGINE ON IDLE ARBITRATION FOR A HYBRID ELECTRIC VEHICLE 

BACKGROUND OF THE INVENTION 

Field of the Invention 
The present invention relates generally to a Hybrid 
Electric Vehicle (HEV) , and specifically a method and system 
for an HEV to determine when the engine should operate during 
vehicle idle and under what parameters. 

Discussion of the Prior Art 
The need to reduce fossil fuel consumption and emissions 
in automobiles and other vehicles powered by Internal 
Combustion Engines (ICEs) is well known. Vehicles powered by 
electric motors attempt to address these needs. 
Unfortunately, electric vehicles have limited range and power 
capabilities. Further, electric vehicles need substantial 
time to recharge their batteries. An alternative solution is 
to combine a smaller ICE with electric motors into one 
vehicle. Such vehicles are typically called Hybrid Electric 
Vehicles (HEVs) . See generally, U.S. Pat. No. 5,343,970 
(Severinsky) . 

The HEV is described in a variety of configurations. 
Many HEV patents disclose systems where an operator is 
required to select between electric and internal combustion 
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operation. In other configurations, the electric motor drives 
one set of wheels and the ICE drives a different set. 

Other, more useful, configurations have developed. For 
example, a Series Hybrid Electric Vehicle (SHEV) configuration 
5 is a vehicle with an engine (most typically an ICE) connected 
to an electric motor called a generator. The generator, in 
turn, provides electricity to a battery and another motor, 
p called a traction motor. In the SHEV, the traction motor is 

« i * 

%j the sole source of wheel torque. There is no mechanical 

A* M J 

~yiO connection between the engine and the drive wheels. A 
}J; Parallel Hybrid Electrical Vehicle (PHEV) configuration has an 

" i 

^ engine (most typically an ICE) and an electric motor that 

t & together provide the necessary wheel torque to drive the 

3 vehicle. Additionally, in the PHEV configuration, the motor 

15 can be used as a generator to charge the battery from the 
power produced by the ICE. 

A Parallel/Series Hybrid Electric Vehicle (PSHEV) has 
characteristics of both PHEV and SHEV configurations and is 
typically known as a "powersplit" configuration. In the 
20 PSHEV, the ICE is mechanically coupled to two electric motors 
in a planetary gear-set transaxle . A first electric motor, 
the generator, is connected to a sun gear. The ICE is 
connected to a carrier. A second electric motor, a traction 
motor, is connected to a ring (output) gear via additional 
25 gearing in a transaxle. Engine torque powers the generator to 
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charge the battery. The generator can also contribute to the 
necessary wheel (output shaft) torque. The traction motor is 
used to contribute wheel torque and to recover braking energy 
to charge the battery if a regenerative braking system is 
used. In this configuration, the generator can selectively 
provide a reaction torque that may be used to control engine 
speed. In fact, the engine, generator motor and traction 
motor can provide a continuous variable transmission (CVT) 
effect. Further, the HEV presents an opportunity to better 
control engine idle speed over conventional vehicles by using 
the generator to control engine speed. 

The desirability of combining an ICE with electric motors 
is clear. There is great potential for reducing vehicle fuel 
consumption and emissions with no appreciable loss of vehicle 
performance or drive-ability. Nevertheless, new ways must be 
developed to optimize the HEV' s potential benefits. 

One such area of development is HEV engine operation. In 
an HEV, the engine has multiple functions. The engine's first 
and most obvious purpose is to provide wheel torque. The 
engine also is necessary for many secondary functions. While 
the engine is running the HEV can also: spin the generator to 
charge a battery, purge a fuel vapor canister, mature its 
adaptive fuel tables, operate its air-conditioning (A/C) 
system, replenish vacuum to the A/C and brake systems, and 
maintain optimal engine and catalyst temperatures. Each of 



these secondary functions has separate optimal engine 
operating conditions and no one idle speed is optimal for 
each. Therefore, if the engine is operating at optimal speed 
for one secondary function, while other functions are 
5 possible, they may not be completed as efficiently or quickly. 

The HEV engine has many functions that require it to be 
running. Nevertheless, the main goals of HEVs are reduction 
of fuel usage, emissions, and increasing run time (i.e., the 
length of time the vehicle can operate without refueling or 
nj° recharging) . The HEV can achieve these goals by turning the 
engine off when it is not needed. Fortunately, the secondary 
HEV engine functions do not require the engine to run all the 
4 time. The battery and traction motor are capable of providing 
;K sufficient driving torque for many driving conditions. 
15 Engine usage parameters, and specifically, engine run 

time, are divided into two categories including drive 
conditions, where wheel torque is supplied, and idle 
conditions. Idle conditions exist when the vehicle is not 
moving. Generally, it is desirable to turn the engine off 
20 during idle conditions. Nevertheless, the secondary functions 
may still require a running engine. The prior art has not 
addressed the problem of determining when the engine should 
run during idle conditions and what parameters optimize the 



performance of the desired secondary function. 
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SUMMARY OF THE INVENTION 
Accordingly, an object of the present invention is to 
provide a method and system to determine when the engine 
should operate during vehicle idle and under what parameters 
for a hybrid electric vehicle (HEV) . The present invention 
provides a method and system to implement a logic arbitration 
scheme allowing a Vehicle System Controller (VSC) to determine 
if the engine should run during idle conditions and, if so, at 
what operating parameters . 

The method and system to determine engine operation 
during idle comprises determining if idle conditions are met, 
determining if engine operation is necessary, determining a 
method of engine control, and operating the engine at the most 
efficient operating parameters. Vehicle speed establishes 
whether idle conditions exist or whether the vehicle is in 
motion. Accelerator position is established to determine 
torque requests. The method and system also determine when 
engine operation is necessary. A controller determines 
whether the battery needs charging, whether vacuum needs 
replenishing in the climate control system or brake system 
reservoir, whether a vapor canister requires purging, whether 
the Adaptive Fuel Tables require fast adapting, whether the 
engine or catalyst temperatures are unacceptably low, and if 
air conditioning has been requested. If any determinations 



are positive, the controller turns (sets to 1) the appropriate 
"engine on" idle flag for that function and proceeds to 
determine the appropriate engine control mode . 

To determine the appropriate method of engine control, 
the controller determines whether the battery state of charge 
is too high or whether generator failure exists. If the state 
of charge is not too high and generator failure does not 
exist, the engine is run in torque control mode through a 
generator controller. Otherwise, the engine is run in speed 
control mode through powertrain controllers. If the engine is 
operated in speed control mode, typical engine control is 
employed through the use of spark and air feedback. However, 
if torque control mode is employed, the vehicle is run at 
optimum conditions by the generator controller for the desired 
function. 

The system for determining whether the engine should run 
during idle comprises many vehicle components including an 
engine, a vehicle system controller, battery, battery state of 
charge determination system, climate control system requests, 
brake control system, climate system and brake system 
reservoir vacuum determination, a vapor canister, vapor 
canister purging need determination, adaptive fuel tables, 
adaptive fuel tables mature determination, engine and catalyst 
temperature determination, an air conditioning system, a 
generator, a means to control HEV components including a 



generator controller, a powertrain controller and a battery 
controller . 

Other objects of the present invention will become more 
apparent to persons having ordinary skill in the art to which 
5 the present invention pertains from the following description 
taken in conjunction with the accompanying figures. 
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The foregoing objects, advantages, and features, as well 
H10 as other objects and advantages, will become apparent with 
reference to the description and figures below, in which like 
numerals represent like elements and in which; 

Fig. 1 illustrates a general hybrid electric vehicle 
(HEV) configuration . 
fJ5 Fig. 2 illustrates a logic flow diagram for controlling 

engine idle speed according to a preferred embodiment of the 
present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
20 The present invention relates to Hybrid Electric Vehicles 

(HEVs) . Figure 1 demonstrates just one possible 

configuration, specifically a Parallel/Series Hybrid Electric 
Vehicle (powersplit ) configuration . 

In a basic HEV, a Planetary Gear Set 20 mechanically 
25 couples a Carrier Gear 22 to an Engine 24 via a One Way Clutch 
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26. The Planetary Gear Set 20 also mechanically couples a Sun 
Gear 28 to a Generator Motor 3 0 and a Ring (output) Gear 32. 
The Generator Motor 3 0 also mechanically links to a Generator 
Brake 34 and is electrically linked to a Battery 36. A 
Traction Motor 38 is mechanically coupled to the Ring Gear 32 
of the Planetary Gear Set 2 0 via a Second Gear Set 40 and is 
electrically linked to the Battery 36. The Ring Gear 32 of 
the Planetary Gear Set 2 0 and the Traction Motor 3 8 is 
mechanically coupled to Drive Wheels 42 via an Output Shaft 
44. 

The Planetary Gear Set 20, splits the Engine 24 output 
energy into a series path from the Engine 24 to the Generator 
Motor 3 0 and a parallel path from the Engine 24 to the Drive 
Wheels 42. Engine 24 speed can be controlled by varying a 
split to the series path while maintaining a mechanical 
connection through the parallel path. The Traction Motor 3 8 
augments the Engine 24 power to the Drive Wheels 42 on the 
parallel path through the Second Gear Set 40. The Traction 
Motor 3 8 also provides the opportunity to use energy directly 
from the series path, essentially running off power created by 
the Generator Motor 30, thereby reducing losses associated 
with converting energy into and out of chemical energy in the 
Battery 36. 

A Vehicle System Controller (VSC) 46 controls many 
components in this HEV configuration by connecting to each 
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component's controller. The VSC 46 connects to the Engine 24 
via a hardwire interface and Engine Control Unit (ECU) 48. 
The ECU 48 and the VSC 46 can be based in the same unit, but 
are actually separate controllers. The VSC 46 also connects 
5 to a Battery Control Unit (BCU) 50 , and a Transaxle Management 
Unit (TMU) 52 through a communication network such as a 
Controller Area Network (CAN) 54. The BCU 50 connects to the 
Battery 3 6 via the hardwire interface. The TMU 52 controls 
the Generator Motor 3 0 and Traction Motor 3 8 via the hardwire 

, ,10 interface . 

Ill 

j::;- Desired HEV efficiency and optimization goals require 

:'. „ i 
'i'i. 1 

fjfi optimal control of the Engine 24 . The present invention 
I a provides a method and system to determine if the Engine 24 
H should be running and, if so, at what operating conditions. 
Hl5 Figure 2 illustrates an engine Idle Speed Control 

Strategy 100 that is utilized by VSC 46. First, in Step 110, 
a determination is made as to whether vehicle idle entry 
conditions are met. To be in vehicle idle entry conditions, 
the vehicle speed ("VSPD") must be below a predetermined 
2 0 minimum value ( n VSPD_IDLE" ) and accelerator position 
("PPS_REL") must be below a minimum level { U PPS_MIN_IDLE" ) . 
If the vehicle idle entry conditions are not met, the vehicle 
will remain in the current drive mode as in Step 120, 
otherwise proceed to Step 130. 
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In Step 13 0, a determination is made as to whether 
battery state of charge ( "BATTJSOC" ) is too low. This is 
accomplished by either determining whether BATT_SOC is lower 
than a predetermined minimum value (SOC_MIN_LVL) on the first 
pass or whether BATT__SOC is below a predetermined level that 
factors in hysteresis (SOC_MIN__HYS) on any subsequent pass. 
If the BATTjSOC is too low, proceed to Step 140, otherwise 
proceed to Step 150. 

In Step 14 0, the Engine 24 is kept on at idle speed until 
the state of charge of the Battery 3 6 is acceptable. This is 
referred to as ENG__ON_IDLE_SOC = 1 mode. While the Engine 24 
is in ENG__ON_IDLE_SOC = 1 mode, a vacuum reservoir (not shown) 
can be replenished as per the amount of vacuum available from 
the amount of engine brake torque requested. Also, 
conventional purge and adaptive fuel strategies may run in 
normal modes. Further, if the vehicle operator requests air 
conditioning, the amount of engine brake torque required may 
be modified to accommodate this slight state of charge change. 
Finally, the Engine 24 and inferred (or measured) catalyst 
(not shown) temperatures will be increased or maintained 
naturally, as the system requires. The logic then proceeds to 
Step 280. 

In Step 150, a determination is made as to whether the 
vacuum needs to be replenished in a climate control system 
(not shown) and brake system's reservoir (not shown). This is 
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accomplished by determining whether the reservoir vacuum 
(RESERVOIR__VAC) is below a predetermined minimum level 
(RESVAC_MIN_LVL) on the first pass or whether RESERVOIR_VAC is 
below a predetermined level that factors in hysteresis 
(RESVAC__MIN_HYS) on any subsequent pass. If the vacuum needs 
replenishing, proceed to Step 160, otherwise proceed to Step 
170 . 

In Step 160, the Engine 24 is kept on at idle speed until 
the vacuum level reaches an acceptable level (ENG_ON_IDLE_VAC 
= 1) . This is accomplished by scheduling a desired engine 
brake torque that will produce enough vacuum to replenish the 
reservoir quickly. At the same time, the Battery 3 6 can be 
charged at a rate dictated by the amount of engine brake 
torque requested. Further, the conventional purge and 

adaptive fuel strategies may be run in normal modes . If air 
conditioning is requested by the vehicle operator, the amount 
of engine brake torque may be modified slightly to compensate 
for a slight vacuum change. Finally, Engine 24 and catalyst 
temperatures may be increased or maintained naturally, as the 
system requires. The logic then proceeds to Step 280. 

In Step 170, a determination is made as to whether a 
vapor canister (not shown) requires HEV-fast purging. To 
determine this, one of three inquiries is made by the VSC 46. 
The VSC 46 may determine whether a -fuel tank pressure 
(TPR ENG) is above a predetermined maximum level 



(TNK_PRS_LVL) . Alternatively, the VSC 46 may determine 
whether the time since the last purge has been too long 

(TSLP>TIME_TO_FORCE_PURGE) . Also, the VSC 46 may determine 
whether the vapor canister is already purging (PG_DC>0) and 
whether the Engine 24 is on at idle speed until the purge is 
completed (ENG_ON_IDLE__PRG - 1) . If the answer to any of 
these scenarios is no, proceed to Step 190, otherwise proceed 
to Step 180. 

In Step 180, the Engine 24 is kept on at idle speed until 
the purging of the vapor canister is completed, where 
ENG___ON_IDLE_PRG = 1. This is accomplished by scheduling a 
desired brake torque that will produce vacuum so that an 
aggressive purge rate can be employed to clean the vapor 
canister as quickly as possible. At the same time, the 
Battery 3 6 can be recharged at a rate dictated by the amount 
of engine brake torque scheduled. Also, the vacuum reservoir 
can be replenished per the amount of vacuum available from the 
amount of brake torque scheduled. If the vehicle operator 
requests air conditioning, minor adjustments may be made to 
the amount of brake torque scheduled to accommodate this 
request. Finally, the Engine 24 and catalyst temperatures 
will be increased or maintained naturally. Once vapor purge is 
completed, proceed to Step 280. 

In Step 190, a determination is made as to whether an 
adaptive fuel table requires HEV-fast adapting (ADP KAM MATURE 



= 0) . This occurs when the VSC 4 6 has not learned the fuel 
system shifts (which are written to a table and "keep-alive 
memory") for this particular drive cycle. If the adaptive 
fuel table requires HEV-Fast adapting, proceed to Step 200, 
5 otherwise proceed to Step 210. 

In Step 200, the Engine 24 is kept on at idle speed until 
the fuel adapting is completed (ENG_ON_IDLE_ADP = 1) . This is 
accomplished by scheduling the desired engine brake torque 

i 

*M that will produce the engine airflow that is needed to learn 

N 

Iljo fuel shifts. Preferably, this is accomplished by a slow sweep 
*Vi of brake torque to cover the range of airflows* At the same 

m 

a time, the Battery 3 6 can be charged at a rate dictated by the 

S U amount of engine brake torque requested. Further, the vacuum 

*h reservoir can be replenished per the amount of vacuum 

a ^ 

%3.5 available from the amount of engine brake torque requested. 
If air conditioning (not shown) is requested, the amount of 
engine torque requested will be modified slightly to 
accommodate the request. Finally, the Engine 24 and catalyst 
temperatures will be increased or maintained naturally. The 

20 logic then proceeds to Step 280. 

Next, in Step 210, a determination is made as to whether 
the Engine 24 or catalyst has cooled to unacceptable levels. 
A two step analysis is undertaken to determine this. First, 
with respect to the Engine 24 , a determination is made on the 

25 first pass whether the Engine 24 is too cool to provide cabin 
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heat (ECT<HEV_ECT_STABLE) or whether ECT is below a 
predetermined level that factors in hysteresis 
(ECT_STABLE_HYS) on any subsequent pass. If the Engine 24 has 
cooled down below a predetermined acceptable level, proceed to 
step 220. If the Engine 24 has not cooled below the 
predetermined acceptable level, the catalyst is checked to see 
if it has cooled to unacceptable performance levels on the 
first pass ( EXT_CMD < CATSJLITOFF) or whether EXT_CMD is below 
a predetermined level that factors in hysteresis 
(CATS_LITOFF_HYS) on any subsequent pass. If the catalysts 
have cooled below a predetermined acceptable level, proceed to 
Step 220, otherwise proceed to Step 230. 

In Step 22 0, the Engine 24 is kept on at idle speed until 
the ECT and catalyst temperatures reach an acceptable level 
( ENG_ON_IDLE__HEAT = 1) . This is accomplished by scheduling a 
desired engine brake torque that will minimize fuel 
consumption while providing heat to the Engine 24 and catalyst 
quickly. At the same time, the Battery 3 6 can be charged at a 
rate dictated by the amount of engine brake torque requested. 
Further, the vacuum reservoir can be replenished per the 
amount of vacuum available from the amount of engine brake 
torque requested. If air conditioning is requested, the 
amount of engine torque requested will be modified slightly to 
accommodate the request. Finally, the engine and catalyst 
temperatures will be increased or maintained naturally. The 

14 



logic then proceeds to Step 280. 

Next in Step 23 0, a det erminat ion i s made as to whether 
air conditioning has been requested from an instrument panel 
switch (not shown) (ACRQST = 1) . If it has, proceed to Step 
5 240, otherwise proceed to Step 250. 

In Step 240, the Engine 24 is kept on at idle speed until 
an air conditioning panel is switched off (ENG_ON_IDLE_AC = 
1) . To accomplish this, the desired engine torque is 

Q 

%Q. scheduled that will minimize fuel consumption while 
L^D accommodating this request. At the same time, the Battery 36 

T * 
7. U 

can be charged at a rate dictated by the amount of engine 

1 y 

— I ^ 

" M brake torque requested. Further, the vacuum reservoir can be 

y: replenished per the amount of vacuum available from the amount 

,g of engine brake torque requested. Further, conventional purge 

13 

825 and adaptive fuel strategies can be run in normal modes. 
Finally, the engine and catalyst temperatures will be 
increased or maintained naturally. The logic then proceeds to 
Step 280. 

In Step 250, a determination is made as to whether the 

2 0 Engine 24 has been on at vehicle idle condition for a minimum 

amount of time (ENG_IDLE_ON_TMR > ENG_IDLE__ON_MIN) . This is 
done to prevent too much engine on/off cycling at vehicle 
idle. If the Engine 24 has not been on for the minimum time, 
Step 260 dictates that the vehicle remain in the current idle 
25 mode. If the Engine 24 has been on for the minimum time, Step 
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270 directs that the Engine 24 is turned off (HEV_ENG_M0DE = 
0) . This can occur, for example/ when a vehicle has been 
stopped at a stop light for a predetermined minimum amount of 
time. From either Step 260 or 270, the logic proceeds back to 
5 Step 110. 

In Step 280, a determination is made as to whether the 
battery SOC is above a predetermined maximum level or whether 
f-^ there is generator failure. First, with respect to the battery 
\l SOC, a determination is made on the first pass to determine if 

l&0 the battery SOC is too high (BATT_SOC > SOC__MAX_LVL) or 

r ts . 

IM whether the battery SOC is above a predetermined level that 

111 

* factors in hysteresis (BATT_SOC > SOC_MAX_HYS) on any 

?~* subsequent pass. If yes, proceed to Step 300. If no, 
p^j determine whether the Generator Motor 3 0 has failed. If it 
15 has not, proceed to Step 290, otherwise proceed to Step 300. 

In Step 290, a primary engine idle mode is activated for 
vehicle idle conditions (HEV_ENG_MODE = 2) . In this mode, the 
vehicle system VSC 46 controls the Generator Motor 30 
rotational speed, which in turn controls the Engine 24 idle 
2 0 speed. 

In Step 3 00, the secondary engine idle mode is activated 
for vehicle idle conditions ( HE V_ENG_MODE = 1) . In this mode, 
the Generator Motor 3 0 is shut off, and the Vehicle System 
Controller 46 controls the engine idle speed via conventional 
25 control of fuel, airflow, and ignition timing. After Steps 
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290 or 300, the logic proceeds back to Step 110. 

The above invention provides a dual method for 
controlling Engine 24 idle speed in an HEV to accommodate any 
possible HEV idle situation. The invention uses the Generator 
Motor 3 0 coupled to the VSC 46 to control Engine 24 speed for 
most of the "engine-on" idle modes. In alternative 

situations, such as high battery state of charge or generator 
failure, the VSC 46 passes control of engine idle speed to the 
Engine Control Unit 48. The invention results in perceived 
tighter speed control feel by having fewer perturbations in 

Engine 24 speed. 

This Engine Idle Speed Control Strategy 100 illustrated 
in Figure 2 must be consistent with an Engine u ON" Idle 
Arbitration Logic that is the subject of the present 
invention. Basically, the Arbitration Logic proposed for the 
Engine Idle Speed Control Strategy 100 utilizes Engine "ON" 
scenarios. These scenarios are developed to identify 

situations when the Engine 24 should be running. 

If the engine runs in speed control mode 
(HEV ENG_M0DE=1) , the engine will control its own "idle" speed 
by conventional means (feedback spark and air control) and the 
generator is commanded to deliver zero torque. In this mode 
the vacuum reservoir can be replenished (per the amount of 



vacuum 



available from the engine idle speed) , conventional 



purge and adaptive fuel strategies can run, engine and 



catalyst temperature will be increased/maintained naturally, 
and if the A/C is requested, the amount of torque required is 
already compensated via a conventional A/C airflow idler. 

If the Engine 24 is run in torque mode (HEV_ENG_M0DE=2 ) , 
5 the desired engine brake torque is scheduled depending on 
which "engine on idle requestor' 7 is on. In this mode the 
generator motor controls engine speed, allowing the engine to 

^ run at optimum level for the necessary function. Depending on 
which flag is set, the following Engine 24 operating 

islO conditions exist: 

}y If ENG__0N_IDLE_S0C=1 , a desired Engine 24 brake torque 

if 

* that will produce the desired Battery 3 6 charging rate is 

scheduled. At the same time, the vacuum reservoir can be 

J! 

J '•'■-'i 

T: replenished (per the amount of vacuum available from the 
'™15 amount of engine brake torque requested to charge the 
battery) ; conventional purge and adaptive fuel strategies can 
run like normal; if A/C is requested, the amount of torque 
required is already compensated for; and, engine and catalyst 
temperatures are increased/maintained naturally. 
20 If ENG_0N_IDLE_VAC=1 , then a desired engine brake torque 

(i.e., small) is scheduled that will produce enough vacuum to 
replenish the reservoir quickly. At the same time, the 
battery can be charged (at a rate dictated by amount of engine 
brake torque requested to replenish the vacuum) ; conventional 
25 purge and adaptive fuel strategies can run like normal; if A/C 
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is requested, the amount of torque required is already 
compensated for; and, engine and catalyst temperatures are 
increased/maintained naturally. 

If ENG_0N_IDLE_PRG=1, a desired engine brake torque 
5 (i.e., small) that will produce vacuum so that an aggressive 
purge rate can be employed to clean the vapor canister as 
quickly as possible is scheduled. At the same time, the 
battery can be charged (at a rate dictated by amount of engine 
%Q brake torque requested to purge) ; the vacuum reservoir can be 
i;D replenished (per the amount of vacuum available from the 

— -» r 

amount of engine brake torque requested to purge) ; if A/C is 
* M requested, the amount of torque required is already 
1^ compensated for; and, engine and catalyst temperatures are 
4::; increased/maintained naturally . 

J] 

- J 
Tt J ' 

If ENG_ON_IDLE__ADP=l , a desired engine brake torque that 
will produce Engine 24 airflows that are needed to learn the 
fuel shifts is scheduled. (This could be a slow sweep of 
torque to cover a range of airflows.) At the same time, the 
battery can be charged (at a rate dictated by amount of engine 

2 0 brake torque requested to learn the fuel shifts) ; the vacuum 
reservoir can be replenished (per the amount of vacuum 
available from the amount of engine brake torque requested to 
learn the fuel shifts) ; if A/C is requested, the amount of 
torque required is already compensated for; and, engine and 

25 catalyst temperatures will be increased/maintained naturally. 
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If ENG_0N_IDLE_HEAT=1, a desired engine brake torque that 
will minimize fuel consumption while producing heat to warm 
the engine and catalyst quickly is scheduled. At the same 
time, the battery can be charged (at a rate dictated by amount 
of engine brake torque requested to warm the engine and 
catalyst) ; the vacuum reservoir can be replenished (per the 
amount of vacuum available from the amount of engine brake 
torque requested to warm the engine and catalyst) ; 
conventional purge and adaptive fuel strategies can run like 
normal; and, if A/C is requested, the amount of torque 
required is already compensated for. 

If ENG_0N_IDLE__AC=1, a desired engine brake torque that 
will minimize fuel consumption while accommodating the request 
for A/C is scheduled. At the same time, the battery can be 
charged (at a rate dictated by amount of engine brake torque 
requested to run the A/C) ; the vacuum reservoir can be 
replenished (per the amount of vacuum available from the 
amount of engine brake torque requested to run the A/C); 
conventional purge and adaptive fuel strategies can run like 
normal; and, engine and catalyst temperatures are 
increased/maintained naturally. 

Note the function whose flag is first turned on gets 
priority over all other functions in determining engine brake 
torque conditions. If a different priority is desired, the 
logic order can change, placing the desired high priority 

20 



function first and the desired low priority function last in 
the logic chain. 

It is understood that the invention is not limited by the 
exact construction or method illustrated and described above, 
but that various changes and/or modifications may be made 
without departing from the spirit and/or the scope of the 
inventions . 



CLAIMS 

We claim: 

1. A method for controlling idle speed of an engine 
within a hybrid electric vehicle including a generator having 
a rotor assembly which is operatively coupled to the engine, 
said method comprising the steps of: 

determining whether a first set of vehicle idle entry 
conditions are met, wherein said first set of vehicle idle 
entry conditions comprises whether the vehicle is below a 
predetermined maximum idle speed and whether an accelerator is 
below a predetermined minimum pedal position; 

scheduling a desired engine brake torque and selectively 
activating a vehicle system controller to control said 
generator and producing a first desired effect when a first 
set of operating conditions is present ; 

selectively activating an engine controller to control 
engine idle speed when a second set of operating conditions is 
present; and 

turning off the engine when said first set of conditions 
is not present and when the engine has been in a current 
vehicle idle mode for a predetermined amount of time. 

2. The method of claim 1, wherein the step of 
scheduling the desired engine brake torque and selectively 
activating the vehicle system controller to control said 



generator and producing the first desired effect when the 
first set of operating conditions is present comprises the 
step of scheduling the desired engine brake torque and 
selectively activating the vehicle system controller to 
control said generator to produce the first desired effect 
when a state of charge of a battery is below a predetermined 
battery minimum state of charge . 

3. The method of claim 1, wherein the step of 
scheduling the desired engine brake torque and selectively 
activating the vehicle system controller to control said 
generator and producing the first desired effect when the 
first set of operating conditions is present comprises the 
step of scheduling the desired engine brake torque and 
selectively activating the vehicle system controller to 
control said generator to produce the first desired effect 
when a vacuum level in a climate control reservoir is below a 
predetermined minimum climate control vacuum level. 

4. The method of claim 1, wherein the step of 
scheduling the desired engine brake torque and selectively 
activating the vehicle system controller to control said 
generator producing the first desired effect when the first 
set of operating conditions is present comprises the step of 
scheduling the desired engine brake torque and selectively 



activating the vehicle system controller to control said 
generator to produce the first desired effect when a vacuum 
level in a brake system reservoir is below a predetermined 
brake system vacuum level. 



5. The method of claim 1, wherein the step of 
scheduling the desired engine brake torque and selectively 
activating the vehicle system controller to control said 
generator and producing the first desired effect when the 
first set of operating conditions is present comprises the 
step of scheduling the desired engine brake torque and 
selectively activating the vehicle system controller to 
control said generator to produce the first desired effect 
when a vapor canister contained within a fuel system requires 
purging . 



6. The method of claim 1, wherein the step of 
scheduling the desired engine brake torque and selectively 
activating the vehicle system controller to control said 
generator producing the first desired effect when the first 
set of operating conditions is present comprises the step of 
scheduling the desired engine brake torque and selectively 
activating the vehicle system controller to control said 
generator to produce the first desired effect when an adaptive 
fuel table requires HEV-fast adaptive learning. 



7. The method of claim 1, wherein the step of 
scheduling the desired engine brake torque and selectively 
activating the vehicle system controller to control said 
5 generator and producing the first desired effect when the 
first set of operating conditions is present comprises the 
step of scheduling the desired engine brake torque and 
selectively activating the vehicle system controller to 
control said generator to produce the first desired effect 
Jo when the engine has cooled below a predetermined engine 
temperature . 
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h 5 * 8. The method of claim 1, wherein the step of 

K scheduling the desired engine brake torque and selectively 
•MS activating the vehicle system controller to control said 
generator and producing the first desired effect when the 
first set of operating conditions is present comprises the 
step of scheduling the desired engine brake torque and 
selectively activating the vehicle system controller to 
20 control said generator to produce the first desired effect 
when a catalyst has cooled below a predetermined minimum 
catalyst temperature * 



9. The method of claim 1, wherein the step of 
25 scheduling the desired engine brake torque and selectively 
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activating the vehicle system controller to control said 
generator and producing the first desired effect when the 
first set of operating conditions is present comprises the 
step of scheduling the desired engine brake torque and 
selectively activating the vehicle system controller to 
control said generator to produce the first desired effect 
when air conditioning has been requested by a vehicle 
operator . 



10. The method of claim 1, wherein the step of 
selectively activating the engine controller to control engine 
idle speed when the second set of operating conditions is 
present comprises the step of selectively activating the 
engine controller to control engine idle speed when: 

the generator has failed; or 

a battery state of charge exceeds a maximum desired 
level . 



11. A hybrid electric vehicle including a generator 
having a rotor assembly which is operatively coupled to an 
engine, the hybrid electric vehicle comprising: 

a vehicle system controller for controlling idle speed of 
the engine when a first set of operating conditions is present 
at a scheduled engine brake torque to produce a desired 
result; and 



an engine controller for controlling the idle speed of 
the engine when a second set of operating conditions is 
present . 

5 12. The hybrid electric vehicle of claim 11, wherein 

said first set of operating conditions is selected from a 
group consisting of a low battery state of charge, a low 
climate control vacuum level, a low brake system reservoir 
M vacuum level, a high fuel tank vapor pressure requiring fuel 
,10 vapor canister purging, a condition where the fuel vapor 
'fi canister is currently being purged, a minimum time reached 
Ifi since previously purging the vapor canister, a low engine 
M< temperature, a low catalyst temperature, an adaptive fuel 
H table requiring HEV-fast adaptive learning, and an activated 
^fe air conditioning switch. 

13. The hybrid electric vehicle of claim 11, wherein 
said second set of operating conditions is selected from a 
group consisting of a high battery state of charge and a 

20 failed generator. 

14. A method for controlling idle speed of an engine 
within a hybrid electric vehicle including a generator having 
a rotor assembly which is operatively coupled to the engine, 

25 said method comprising the steps of: 
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determining whether a first set of vehicle idle entry 
conditions are met, wherein said first set of vehicle idle 
entry conditions comprises whether the vehicle is below a 
predetermined maximum idle speed and whether an accelerator is 
below a predetermined minimum pedal position; 

scheduling a desired engine brake torque and selectively 
activating a vehicle system controller to control said 
generator and producing a first desired effect when a first 
set of operating conditions are: a low battery state of 
charge, a low climate control vacuum level, a low brake system 
reservoir vacuum level, a high fuel tank pressure, the 
existence of a minimum time period since a last vapor canister 
purging, the existence of current vapor canister purging, the 
existence of a learned adaptive fuel table for the current 
driving mode, a low engine temperature, a low catalyst 
temperature, and the state of activation of an air 
conditioning switch; 

selectively activating an engine controller to control 
engine idle speed when a second set of operating conditions is 
present ; 

turning off the engine when said first set of operating 
conditions is not present and when the engine has been in a 
current vehicle idle mode for a predetermined amount of time, 
otherwise maintaining said current vehicle idle mode. 
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15, The method of claim 
selectively activating the engine 
idle speed when the second set 
present comprises the step of 
engine controller to control € 
generator has failed. 



14, wherein the step of 
controller to control engine 
of operating conditions is 
selectively activating the 
lgine idle speed when the 



16. The method of claim 14, wherein the step of 
selectively activating the engine controller to control engine 
idle speed when the second set of operating conditions is 
present comprises the step of selectively activating the 
engine controller to control engine idle speed when a battery 
state of charge exceeds a maximum desired level. 



ABSTRACT 

This invention is a method and system for determining 
whether the engine should be running in a Hybrid Electric 
Vehicle during vehicle idle conditions. Specifically, a 
5 controller determines if the vehicle is in idle and if engine 
operation is necessary. To determine whether engine operation 
is necessary, the controller determines whether the battery 
needs charging, whether vacuum needs to be replaced in the 

ft 

*B climate control system or brake system reservoir, whether the 

TV 

%k0 vapor canister requires purging, whether the adaptive fuel 

f'i i 

,S tables require fast adapting, whether the engine or catalyst 
temperatures are unacceptable, or whether the air conditioning 

U has been rec ? ues ted. Once the controller determines that the 
engine must be running, the controller determines in which 

g5 control mode to run the engine, either speed control mode 
(using powertrain controllers) or torque control mode (using a 
generator and generator controller) . Finally, the controller 
optimizes engine running conditions, to the extent possible 
depending upon the control mode, to perform any necessary 

20 functions during vehicle idle. 
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Fig- 1 
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As a below named inventor, i hereby declare: 

My residence, post office address and citizenship are as stated below next to my name; 

I verily believe I am the original, first and sole inventor or an onglnal, first and joint inventor of the subject matter that is claimed 
and for which a patent is sought on the invention entitled 

ENGINE ON IDLE ARBITRATION FOR A HYBRID ELECTRIC VEHICLE 

the specification of which is attached hereto. 

I have reviewed and understand the contents of the specification identified above, including the claims. 

I acknowledge my duty to disclose information of which I am aware that is material to the examination of this application in 
accordance with Section 1.56(a), Title 37 of the Code of Federa! Regulations; and 

as to application for patents or inventor's certificate on the invention filed in any country foreign to the United States of America, 
prior to this application by me or my legal representatives or assigns, 

[ x ] no such applications have been filed, or 



[ ] such applications have been filed as follows 



COUNTRY 



APPLICATION NO. 



DATE OF FILING 

(month, day, year) 



DATE OF ISSUE 

(month, day, year) 
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UNDER 35 USC 119 
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J ] 1 hereby claim the benefit under 35 U.S.C. 1 19(e) of any United States provisional application(s) listed below. 
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APPLICATION NUMBER(S) 



FILING DATE {month, day, year) 



□ Additional provisional application 

numbers are listed on a supplemental 
priority data sheet PTO/SB/02B 
attached hereto. 



i hereby claim the benefit under 35 U.S.C. § 120 of any United States applicatfon(s) or § 365(c) of any PCT International 
application designating the United States, listed below and, insofar as the subject matter of each of the claims of this application 
is not disclosed in the prior United States or PCT International application in the manner provided by the first paragraph of 35 
U.S.C. § 1 12, 1 acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR § 1.56 which 
became available between the fifing date of the prior application and the national or PCT International filing date of this 

application. 
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(Filing Date) 



(Application Number) 



(Filing Date) 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the United States Patent and Trademark Office connected therewith and to act on my 
behalf before the competent International Authorities in connection with any and all international applications filed by me. 
(List name and registration number) 
John M. Naber- 44,783 
Karl A. Vick - 33,288 
Karl A, VSck - 33,288 
Roger L. May - 26,406 
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Address all correspondence and telephone calls to; 

John M. Naber 

Foster, Swift, Collins & Smith, P.O. 

313 South Washington Square 

Lansing, Ml 48933-2193 Phone: 517-371-8100 

I hereby declare that all statements made herein of my own Knowledge are true and that all statements mad© on information and belief are 
believed to be true; and further that these statements were mad© with the knowledge that willful false statements and the like so made are 
punishable by fine or Imprisonment, or both, under Section 1 001 of Title 1 8 of the United States Code, and that such wiilfuJ false statements may 
jeopardize the validity of the application or any patent issuing thereon. 
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